
4 Result on ∇(a·b) from H+S

The result on ∇(a·b) from Hestenes & Sobczyk we have difficulty remembering is
((1.43) on p53):

∇(a·b) = a·∇b+ b·∇a− a·(∇∧b)− b·(∇∧a) (15)

5 Some further hard to remember algebraic re-

sults

From H+S p12:
a·(Ar∧Bs) = (a·Ar)∧Bs + (−1)rAr∧(a·Bs) (16)

and for s ≥ r > 1

a∧(Ar·Bs) = (a·Ar)·Bs + (−1)rAr·(a∧Bs) (17)

Note r = 1 case fits in as follows:

a∧(b·Bs) = (a·b)Bs − b·(a∧Bs) (18)

Also two very important ones from p7:

Ar·(Bs·Ct) = (Ar∧Bs)·Ct for r + s ≤ t and r, s > 0

Ar·(Bs·Ct) = (Ar·Bs)·Ct for r + t ≤ s
(19)

Another one from p15:

(b∧a)×A = b∧(a·A)− a∧(b·A) (20)

6 Issues re particle horizons etc.

Have realised that we have some conceptual issues to do with particle and other
horizons in the early universe.

Firstly, we say that the comoving horizon radius decreases during inflation. How
does this square with the particle horizon increasing enormously?

Secondly, the horizon scale at recombination of about 1◦ is picked out in the CMB
power spectrum via the first peak. However, we now believe the particle horizon
distance at recombination is about 5 million times this (from exam question) — how
does this work?
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